Experimental results for a two-dimensional supersonic inlet used as a thrust deflecting nozzle by Burstadt, Paul L. & Johns, Albert L.
- -- 
NASA Technical Memorandum 83439 
Experimental Results for a Two-Dimensional 
Supersonic Inlet Used as a Thrust 
Deflecting Nozzle : 
(lASA-TH-83439) E X P E R I U B I T A L  RESOLS'S PO3 B 1y8 9- 14386 
Z L O - D I U E L S X O N A L  SCPERSCBXC XBLET USED AS A 
l H R U S l  D E P L E C P l l G  NOZZLE (PALA) 14 p 
C S C L  20D Unclas 
63/34 0169878 
/ 
____ -- 
July 1988 , Date for general release 
, 
https://ntrs.nasa.gov/search.jsp?R=19890005015 2020-03-20T04:27:27+00:00Z
EXPERIMENTAL RESULTS FOR A TWO-DIMENSIONAL SUPERSONIC INLEl 
USED AS A THRUST DEFLECTING NOZZLE ORIGINAL PAGE 1s 
OF POOR QUALlW 
by Albert L. Johns and Paul L. Burstadt 
National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135 
ABSTRACT 
Nearly all supersonic V/STOL aircraft con- 
cepts are dependent on the thrust deflecting capa- 
bility of a nozzle. In one unique concept, 
referred to as the reverse flow dual fan, not only 
is there a thrust deflecting nozzle for the fan 
and core engine exit flow, but because of the way 
the propulsion system operates during vertical 
take-off and landing, the supersonic inlet is also 
presents results of an experimental study to eval- 
uate the performance of a supersonic inlet used as 
a thrust deflecting nozzle for this reverse flow 
dual fan concept. Results are presented in terms 
of nozzle thrust coefficient and thrust vector 
angle for a number of inlet/nozzle configura- 
tions. Flow visualization and nozzle exit flow 
survey results are also shown. 
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u used as a thrust deflecting nozzle. This paper 
SYMBOLS 
AE nozzle exit area, cm2 
A0 nozzle entrance area, cm2 
CFN nozzle gross thrust coefficient: FN/FIDEAL 
FIDEAL thrust of measured mass flow exhausting 
at VIDEAL, kg 
FN measured thrust, kg 
VIDEAL velocity after isentropic expansion from 
average nozzle entrance conditions t o  
ambient conditions, cmlsec 
nozzle entrance weight flow corrected to 
local conditions/nozzle entrance area 
kg / cm*-sec 
nozzle thrust vector angle measured from 
the inlet/nozzle centerline, deg 
WKPC 
PHI 
INTRODUCTION 
A unique propulsion system concept for super- 
sonic V/STOL aircraft is discussed in Ref. 1. It 
is referred to as the reverse flow dual fan con- 
cept, and it uses the engine front inlet as a 
thrust deflecting nozzle during vertical takeoff 
and landing. 
familiar tandem-fan system described in Refs. 1 
and 2. A schematic of the concept is shown in 
Fig. 1. With the engine inlet being used as a 
nozzle, the spacing between the fore and aft 
thrust vectors i s  relatively large. 
in two potential advantages for the concept. 
First the propulsion system can be moved futher 
rearward to a point where it integrates better 
with the aircraft. Secondly, this rearward move- 
ment of the propulsion system leads to more length 
for installing the inlet which in turn permits the 
use of a two dimensional inlet (as opposed to a 
shorter axisymnetric inlet) with its inherently 
better angle-of-attack performance. 
This concept is similar to the more 
This results 
A more detailed picture of the reverse flow 
dual fan propulsion system is shown in Fig. 2 dur- 
ing the vertical takeoff and landing mode, transi- 
tion, and horizontal flight. The plus sign in 
Fig. 2 denotes the fan blades in normal pitch and 
the minus sign denotes the fan blades in reverse 
pitch. In the vertical takeoff and landing modes 
(fig. 2(a)), the front fan reverses its direction 
of flow, whereupon the front fan inlet becomes the 
front fan thrust deflecting exhaust nozzle. 
auxiliary inlet between the two fans must now pro- 
vide airflow for not only the aft fan and core 
engine, but also for the front fan which is flow- 
ing in reverse. 
inletlnozzle must overturn the airflow (>90 
deflection) while the aft nozzle deflection angle 
is being reduced. In the horizontal flight mode 
(fig. 2(c)), the front fan operates at normal 
pitch, the inlet between the two fans is closed, 
and the inlet/nozzle becomes a full-time inlet 
providing airflow for both fans. 
mental study which used a two-dimensional super- 
sonic inlet model as a thrust deflecting nozzle 
for the reverse flow dual fan supersonic V/STOL 
concept. 
Vertical Thrust Stand by mounting the compressor 
face station of the supersonic inlet to the dis- 
charge of a 30.5 cm ( 1 2  in.) diameter fan. 
The NASA Lewis Research Center's program to 
study deflected thrust V/STOL nozzles3 has con- 
centrated on a number of nozzle configurations 
designed for the low pressure ratios typical of 
the high bypass ratio turbofan engines suited for 
subsonic aircraft. 
sonic V/STOL propulsion concept, but the parallel 
operation of the engine's fan stages during take- 
off and landing produces low nozzle pressure 
ratios comparable t o  those of Ref. 3 ,  and hence, 
the results will be examined in a similar manner. 
The 
In the transition mode (fig. 2(b)), ths front 
This paper presents the results of an experi- 
The test was conducted in the NASA Lewis 
This paper deals with a super- 
APPARATUS 
Test Facility 
The two-dimensional inlet/nozzle installed in 
the NASA Lewis Research Center Vertical Thrust 
Stand is shown in Fig. 3. 
gives a close-in view of one of the inlet/nozzle 
configurations that will be described shortly. 
A schematic of the test apparatus and the 
nozzle exit flow survey rake system is shown in 
Fig. 4. The test apparatus consisted of an inlet 
bellmouth, a 6-component force balance, a 30.5 cm 
(12 in.) diameter tip-turbine driven fan, and a 
two-dimensional supersonic inlet. The supersonic 
inlet was modified to function as a thrust 
deflecting nozzle. 
A total pressure rake was located at the 
nozzle entrance station. 
used to survey the deflected flow field at the 
nozzle exit plane. 
The insert on Fig. 3 
A traversing rake was 
The rake consists of 20 total 
tempera ture  probes and 2 1  f l o w  a n g u l a r i t y  probes. 
The th ree- tube des ign  o f  t h e  f l o w  ang le  probes 
measures t o t a l  p ressu re  and t h e  ang le  i n  one 
plane, so t h e  probe o r i e n t a t i o n  a l t e r n a t e s  across  
t h e  r a k e  t o  o b t a i n  ang les  i n  t h e  " p i t c h "  and "yaw" 
planes. The r a k e  suppor t  was a t tached  t o  t h e  
non-metr ic p o r t i o n  o f  t h e  t h r u s t  s tand  and a l lowed 
t h e  r a k e  t o  be t r a n s l a t e d  i n  t h e  v e r t i c a l  and 
h o r i z o n t a l  d i r e c t i o n s ,  and r o t a t e d  i n  t h e  " p i t c h "  
plane. A six-component ba lance was used t o  
measure t h e  n o z z l e  f o r c e s  and moments. 
Model C o n f i g u r a t i o n s  
The t h r e e  model b a s e l i n e  c o n f i g u r a t i o n s  a r e  
shown i n  F ig .  5 and a r e  desc r ibed  as f o l l o w s :  
C i r c u l a r  a r c  d e f l e c t o r .  - The c i r c u l a r  a r c  d e f l e c -  
t o r  ( f i g .  5 (a ) ) ,  i s  r e p r e s e n t a t i v e  o f  a f l a p  wh ich  
would be s t o r e d  w i t h i n  t h e  i n l e t  compartment. Fo r  
deployment, t h e  f l a p  would r o t a t e  down o u t  o f  t h e  
ramp compartment. The deflector f l a p  ang le  v a r i a -  
t i o n  ranged f rom 90 t o  110 as i n d i c a t e d  i n  t h e  
f i g u r e .  
r e f e r e n c e  t o  t h e  i n l e t  c e n t e r l i n e .  The d e f l e c t o r  
a x i a l  p o s i t i o n  was a l s o  v a r i e d  f r o m  48.77 cm 
(19.20 i n . )  t o  56.39 cm (22.20 i n . )  f r o m  t h e  ramp 
l e a d i n q  edqe. 
The d e f l e c t i o n  ang le  was measured w i t h  
- -  
S ing le -h inged d e f l e c t o r .  - The s ing le -h inged  
d e f l e c t o r  ( f i g .  5 ( b ) )  , i s  r e p r e s e n t a t i v e  o f  t h e  
f i r s t  ramp be ing  r o t a t e d  down f o r  use  as t h e  
d e f l e c t i n g  f l a p .  The d e f l e c t o r  was l o c a t e d  
33.53 cm (13.20 in . )  f r o m  t h e  ramp l e a d i n g  edge. 
The s inq le -h inqed d e f l e c t o r  f l a p  ang le  v a r i e d  
f r o m  70 t o  90 and had a l e n g t h  o f  32.51 cm 
(12.80 i n . ) .  
Double-hinged d e f l e c t o r .  - The double-hinged 
d e f l e c t o r  ( f i g .  5 ( c ) ) ,  was a m o d i f i c a t i o n  o f  t h e  
s ing le -h inged  d e f l e c t o r  concept.  The double- 
h inged d e f l e c t o r  a l l ows  t h e  a i r f l o w  t o  make a two 
s tage t u r n .  The f i r s t  f l a p  ang le  was v a r i e d  f r o m  
60" t o  80' and t h e  second f l a p  remained a t  a 90' 
d e f l e c t i o n .  The l e n g t h  o f  t h e  f i r s t  f l a p  was 
10.16 cm ( 4  in.) ,  and 22.35 cm (8.8 i n . )  f o r  t h e  
second f l a p .  
b a s e l i n e  c o n f i g u r a t i o n s .  
a t i o n s  were t e s t e d  w i th  t h e  c i r c u l a r  a r c  
d e f l e c t o r ,  0', 40', 70' and go', as i n d i c a t e d  i n  
F ig .  5 (a ) .  
w i t h  t h r e e  l i p  c o n f i g u r a t i o n s ;  0 , 40' and w i t h  
t h e  l i p  removed ( t h i s  rep resen ted  a r e t r a c t a b l e  
l i p ) ,  as shown i n  F ig .  5 (b ) .  The double-hinged 
d e f l e c t o r  was t e s t e d  w i t h  a 40" and 90" droop l i p  
( f i g .  5 ( c ) ) .  
of  t h i s  superson ic  i n l e t  model and would be  used 
f o r  improved i n l e t  performance a t  low speeds, a t  
h i g h  angles-of-at tack,  and a l s o  d u r i n g  t r a n s o n i c  
maneuvers. 
shown i n  F ig .  5, seve ra l  m o d i f i c a t i o n s  were made 
and these a r e  shown i n  F ig .  6. A l though t h e  modi- 
f i c a t i o n s  a r e  shown o n l y  f o r  t h e  c i r c u l a r  a rc  
d e f l e c t o r  t hese  m o d i f i c a t i o n s  were a l s o  a p p l i e d  t o  
t h e  s i n g l e  and double-hinged d e f l e c t o r s .  
S idewa l l s .  - S idewa l l s  were added between t h e  
s i d e p l a t e s  and d e f l e c t o r  ( f i g .  6 ( a ) ) .  
w a l l s  were in tended t o  p reven t  t h e  sideways f l o w  
o f  a i r  a t  t h e  nozz le  e x i t .  
D e f l e c t o r  t i  ex tens ion .  - The d e f l e c t o r  t i p  was 
extended 12.; cm ( 5  i n . ) ,  F i g .  6 ( b ) .  The exten- 
s i o n  p rov ided  more d e f l e c t o r  su r face  f o r  t u r n i n g .  
Cowl l i p  droop was a v a r i a b l e  f o r  each o f  t h e  
Four droop l i p  c o n f i g u r -  
The s ing le -h inged  d e f l e c t o r  was t e s t e d  
The droop l i p s  were an i n t e g r a l  p a r t  
I n  a d d i t i o n  t o  t h e  b a s e l i n e  c o n f i g u r a t i o n s  
The m o d i f i c a t i o n s  a r e  as f o l l o w s :  
These s ide-  
Ramps. - The two dimensional  i n l e t  had a -8O ramp 
anqle. 
-8 ramp which produced n e t  ramp ang les  o f  0' and 
10'. These wedges were added t o  e l i m i n a t e  d i f f u -  
s i o n  a long t h e  ramp su r face  and t o  p r o v i d e  f o r  
some e a r l i e r  t u r n i n g  o f  t h e  f l o w  ( f i g .  6 ( c ) ) .  
Wedges o f  8' and 18" were i n s t a l l e d  on t h e  
TEST PROCEDURE 
Nozzle en t rance t e s t  c o n d i t i o n s  were s e t  b y  
a d j u s t i n g  t h e  va l ves  which p rov ided  ho t ,  h i g h  
pressure  a i r  t o  t h e  f a n  t i p  t u r b i n e .  When d a t a  
were be ing  recorded t o  d e f i n e  t h e  n o z z l e  t h r u s t  
v e c t o r  and f l o w  r a t e  (performance da ta ) ,  t h e  e x i t  
f l o w  survey  r a k e  was moved t o  a p o s i t i o n  w e l l  away 
f rom t h e  exhaust j e t .  Performance d a t a  were ob- . 
t a i n e d  ove r  a range o f  nozz le  p ressu re  r a t i o s  t h a t  
was l i m i t e d  b y  e i t h e r  t h e  maximum speed o r  t h e  
s t a l l  l i m i t s  o f  t h e  fan .  Force  measurements a t  
zero- f low c o n d i t i o n s  were recorded t o  de termine 
model we igh t  t a r e s  r e q u i r e d  i n  t h e  d e t e r m i n a t i o n  
o f  t h r u s t .  
s e t t i n g  t h e  d e s i r e d  o p e r a t i n g  c o n d i t i o n  and then  
i n c r e m e n t a l l y  moving t h e  se rvey  r a k e  across t h e  
exhaust j e t .  I f  necessary, t h e  r o t a r y  p o s i t i o n  o f  
t h e  r a k e  was v a r i e d  a t  each l o c a t i o n  t o  m in im ize  
t h e  ang le  o f  t h e  f l o w  w i t h  r e s p e c t  t o  t h e  probes. 
The n o z z l e  en t rance c o n d i t i o n s  were measured a t  
each r a k e  p o s i t i o n  t o  account f o r  minor  v a r i a t i o n s  
o f  t h e  d e s i r e d  o p e r a t i n g  c o n d i t i o n .  
Nozzle e x i t  f l o w  f i e l d  d a t a  were ob ta ined  b y  
PRESENTATION OF EXPERIMENTAL RESULTS 
The nozz le  t h r u s t  c o e f f i c i e n t ,  CFN, i s  used 
as t h e  p r i m a r y  measure o f  system performance and 
e f f i c i e n c y .  I n  t h i s  program, a l l  t e s t  were con- 
duc ted  a t  s t a t i c  c o n d i t i o n s  and CFN i s  a g ross  
t h r u s t  c o e f f i c i e n t  de termined b y  t h e  measured 
t h r u s t  and mass-flow r a t e ,  and t h e  i d e a l  ve loc -  
i t y .  S ince  measured mass f l o w  i s  used i n  t h e  
denominator, t h i s  c o e f f i c i e n t  may be  i n t e r p r e t e d  
as t h e  r a t i o  o f  ac tua l - to - i dea l  v e l o c i t y  a t  t h e  
nozz le  e x i t .  T o t a l  p ressure ,  t o t a l  temperature,  
mass f l o w  r a t e  and area a t  t h e  n o z z l e  en t rance  a r e  
used t o  c a l c u l a t e  a s p e c i f i c  c o r r e c t e d  a i r f l o w ,  
W7SPC. The n o z z l e  t h r u s t  v e c t o r  ang le  i s  a l s o  
used i n  t h e  performance da ta  p l o t s .  The n o z z l e  
t h r u s t  v e c t o r  angle,  P H I ,  i s  measured f r o m  t h e  
i n l e t  c e n t e r l i n e .  
RESULTS AND D I S C U S S I O N  
The performance c h a r a c t e r i s t i c s  o f  t h e  base-o 
l i n e  c o n f i g u r a t i o n s  a r e  shown i n  F i g .  7, f o r  a 40 
droop l i p  and 90" f l a p  d e f l e c t i o n  angle.  
r e s u l t s  c o n s i s t  o f  t h e  n o z z l e  t h r u s t  c o e f f i c i e n t  
and v e c t o r  ang le  versus t h e  nozz le  s p e c i f i c  co r -  
r e c t e d  a i r f l o w .  Data a r e  shown f o r  t h e  c i r c u l a r  
a rc  and s i n g l e  and doub le  h inged d e f l e c t o r s  over  a 
range o f  s p e c i f i c  c o r r e c t e d  a i r f l o w s .  I n  general ,  
b o t h  t h e  t h r u s t  c o e f f i c i e n t  and t h r u s t  v e c t o r  
angles were low f o r  a l l  t h r e e  c o n f i g u r a t i o n s .  
m a t e l y  78 pe rcen t  f o r  t h e  c i r c u l a r  a r c  and 74 and 
73 pe rcen t  f o r  t h e  s ing le -h inged and double-hinged 
d e f l e c t o r s ,  r e s p e c t i v e l y .  The n o z z l e  t h r u s t  
v e c t o r  ang le  was approx imate ly  48', 42", and 38O 
f o r  t h e  c i r c u l a r  arc,  doub le  and s i n g l e  h inged 
d e f l e c t o r s .  
These 
The nozz le  t h r u s t  c o e f f i c i e n t  was approx i -  
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The effect of drooping the cowl lip on the 
baseline circular arc deflector configuration is 
shown in Fig. 8. These results again consist of 
the nozzle thrust coefficient and thrust vector 
angle versus the nozzle specific corrected airflow. 
The results presented for the circular arc deflec- 
tor are typical for the other configurations: 
shown, increasing the lip droop angle from 0 to 
40" and to 70" produced little change in thrust 
coefficient. Thrust coefficient ranged from 78 to 
79 percent. 
However, as indicated by Fig. 8(b ) ,  lip droop 
did effect the measured thrust vector angle. Tbe 
thrust deflection angle was highest at about .55 , 
with the zero degree lip corneared to about 48 for 
the 40' and 70' lips. The 0 lip apparently tends 
to maintain the nozzle inner flow within the plane 
of the deflector. This allows the deflector flap 
to force the airflow turning and produce a slight- 
ly higher turning angle. On the other hand the 
droop lips allow the nozzle inner flows to expand 
beyond the deflector tip, "miss" the deflector and 
hence result in a higher axial component and a 
lower deflecting angle. 
drooping the cowl lip did not have a significant 
effect on nozzle performance either for the circu- 
lar arc deflector configuration as shown here or 
for the other two configurations. 
It is obvious from Figs. 7 and 8 that the 
performance of the three configurations in terms 
of both deflecting angle and nozzle thrust coeffi- 
cient was relatively poor. In order to understand 
these results more thoroughly, a flow visualiza- 
tion test was conducted to determine the nature of 
the low thrust deflection angle and low perform- 
ance. The flow visualization results are shown in 
Fig. 9 for all three configurations. The flow 
pattern on each deflector is unique. However, it 
is obvious from all the flow patterns that there 
is a significant amount of flow going out the 
sides of the nozzle. 
vent this out flow. 
formance characteristics is shown in Fig. 10 for 
the double-hinged deflector. Sidewalls were 
tested with the other two deflectors with similar 
results. The results shown in Fig. 10 are shown 
again in terms of nozzle thrust coefficient and 
thrust vector angle versus the nozzle specific 
corrected airflow. Results are shown both with 
and without sidewalls so a direct codparison can 
be made. 
two configurations, but as was shown in Fig. 8, 
this has no significant effect on the nozzle 
thrust coefficient and only small effects on 
nozzle thrust vector angle. 
In general, the nozzle thrust coefficient 
increased significantly, from approximately 0.73 
to 0.84 and the nozzle thrust vector angleoin- 
creased significantly from about 38 
These results were due to the comfinement and the 
directing of the nozzle exit flow provided by the 
sidewalls. 
than the deflector flap. 
test was conducted to examine the flow patterns in 
the region of the deflector tip. These flow ViSU- 
alization results are shown in Fig. 11 for the 
dovble-hinged deflector. 
60 for the first segment and 90 for the second 
segme t. 
k g/cAsec . The paint flow on the sidewalls, 
As 
In general, however, 
Sidewalls were added to pre- 
The effect of sidewalls on the nozzle per- 
The lip droop angle is different for the 
to 68 . 
The sidewalls that were added were longer 
A flow visualization 
The deflector angle was 
Specific corrected airflow was 0.014 
where it meets the deflector flap, indicates in- 
complete turning by the deflector, thereby sug- 
gesting a need to extend the deflector length. 
Therefore, the circular arc deflector tip was ex- 
tended by 12.7 cm ( 5  in.) and the double-hinged 
deflector second flap was extended to 33.02 cm 
(13 in.). Results for the double-hinged deflector 
with extended flap are shown in Fig. 12 along with 
results without the extension. 
The results again consist of the nozzle 
thrust coefficient and thrust vector angle versus 
the nozzle specific corrected airflow. 
thrust coefficient showed a slight drop as a 
result of extending the flap, however, the thrust 
deflecting angle increased significantly from 60' 
to 76'. These results are also typical of the 
results obtained for the circular arc deflector. 
Hence, it appears that we are approaching the 
level of nozzle thrust vectoring angle needed. 
However, the nozzle thrust coefficient is still 
much lower than desired. 
results shown in Fig. 13, there are two obvious 
problems that may remain. First, there are two 
vortices on the ramp and second, there is a region 
along the deflector flap where the flow is imping- 
ing directly with some flow deflected upward and 
some flow deflected downward. In an effort to 
reduce or eliminate the vortices and flow impinge- 
ment, and at the same time increase the flow turn- 
ing, ramps were added to "fill in" the diffusing 
ramp surface upstream of the deflector. 
First, an +8' ramp insert was added to the 
-8' ramp (net angle of O'), and tested with the 
double-hinged and cicular arc deflectors. The 
effect of the ramp on nozzle performance charac- 
teristics is shown in Fig. 14. As before the 
results are presented as a function of nozzle 
thrust coefficient and thrust vector angle versus 
the specific corrected airflow. 
The double-hinged deflector (fig. 14(a)), was 
tested with the droop lip removed, with sidewalls, 
and with the extended deflector flap. In general, 
the Oo ramp had a thrust coefficient of approxi- 
maiely 86 percent as opposed to 84 percent for tbe 
-8 ramp. The nozzle thrust vector angle was 84 
for the 0" ramp and 76' for the -8' ramp. 
The circular arc deflector was a l s o  tested 
with the Oo and -8' ramps, 90" droop lip, side- 
walls and extended deflector flap. The results 
are shown in Fig. 14(b). The nozzle thrust co- 
efficient was approximately the same for both 
ramps, 82 to 83.5 percent. However, tbe 0' ramp 
had a nozzle thrust vector angle of 95 compared 
to 91' with the -8' ramp. The use of the 18" ramp 
insert (a net 10' ramp angle) resulted in only a 
slightly higher thrust vector angle. Hence, for 
the circular arc deflector configuration by adding 
sidewalls, the flap extension and the 8' ramp 
insert the performance was improved from baseline 
values of thrust coezficient and vectoring angle 
of 78 Rercent and 48 respectively, to 87 percent 
and 97 . 
One last parameter investigated is nozzle 
exit area variation. The nozzle exit area was 
varied by changing the deflector axial position. 
The effect of nozzle exit area variation on the 
nozzle performance characteristics is presented in 
Fig. 15 for the circular arc deflector. Again, 
the nozzle thrust coefficient and thrust vector 
angle are shown versus specific corrected air- 
flow. Two area ratios are shown, AE/AO of 1.361 
and 1.05, at a flap deflection angle of 100" with 
the -8" ramp and the cowl lip removed. Both the 
The nozzle 
If we take a look at the flow visualization 
3 
thrust coefficient and the nozzle thrust vector 
angle are highest with the large exit area with 
thrust coefficient as higheas 87 percent and 
thrust vector angles of 97 . 
ance, contour maps of the nozzle exit total pres- 
sure ratio are shown in Fig. 16 for the circular 
arc deflector. Nozzle exit total pressure has 
been ratioed to the average total pressure at the 
nozzle exit. Figure 16(a) shows the contour map 
for a baseline case, specific corrected airflow of 
0.014 kg/cd sec where the performance was rela- 
tively poor. In general, the exit flow occupies 
less than half of the nozzle exit area. 
there is a region of high total pressure, a much 
larger extent of the region has low total pres- 
sure. 
low, 78 percent and 48', respectively. 
for the circular arc deflector with the sidewalls 
and extended deflector flap added. 
the high pressure region is considerably larger in 
extent, however, less than 75 percent of the 
nozzle exit plane is occupied by the flow. The 
nozzle thrust coefficient was approximately 84 
percent (improved,obut still low) with a thrust 
vector angle of 97 . 
In summary, Fig. 17 shows results obtained 
for the two-dimensional inlet being used as a 
nozzle. 
low nozzle thrust coefficient (fig. 17(a)), and 
vector angle (fig. 17(b)). Drooping the cowl lip 
had a minimal effect on the nozzle performance 
characteristics. The addition of sidewalls re- 
sulted in improved nozzle thrust coefficient with 
an increase of 30" in the nozzle thrust vector 
angle. Further improvements were obtained by ex- 
tending the deflector flap and by the use of ramp 
angle variation. Once again, although results are 
summarized here only for the double-hinged deflec- 
tor, they are also generally true for the circular 
arc and single-hinged deflector. 
To illustrate the extremes in nozzle perform- 
Although, 
The thrust coefficient and vector angle are 
Figure 16(b) shows the pressure contour map 
In general, 
The baseline configurations resulted in 
SUMMARY AND CONCLUDING REMARKS 
The major results of an expermental study of 
a two-dimensional supersonic inlet used as a 
t 
Figure 1. - Reverse flow dual fan supersonic VSTOL aircraft 
configuration. Propulsion system shown in the vertical 
takeoff and landing mode. 
thrust deflecting nozzle for the reverse flow dual 
fan supersonic V/STOL concept are as follows: 
tions, the nozzle thrust coefficient was at best 
about 78 percent. 
the deflector flap and adding a ramp insert, the 
thrust coefficient was improved to about 86 per- 
cent. This level is still less than that 
des ired. 
High nozzle thrust vector angles were 
obtained through addition of the modifications 
described above. 
best vector angje was about 48 and after, it was 
greater than 90 . 
It is felt that the nozzle thrust coefficient 
could be improved further by starting the initial 
turning of the airflow further upstream inside the 
diffuser. Also a supersonic inlet would have bleed 
holes at the throat, on the ramp and possibly on 
the sideplates, which could be used for suction or 
blowing to remove or energize the boundary layer 
for improved performance. 
when applied to the two-dimensional inletlnozzle 
concept could result in major improvements in the 
1. For the three baseline nozzle configura- 
By adding sidewalls, extending 
2 .  
Before the m$difications, the 
The above techniques 
over 
1. 
2 .  
3. 
all nozzle performance characteristics. 
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+FAN BLADES IN NORMAL PITCH 
- FAN BLADES IN REVERSE PITCH 
(C ) 
(a) Vertical takeoff and landing. 
(b) Transition. 
(c) Horizontal flight. 
Figure 2. - Propulsion system operation. 
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Figure 3. - 2-D l n l e t l  nozzle instal led in the  vert ical t h r u s t  stand. 
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Figure 4. - Schematic of model instal lat ion and survey rake. 
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90" 
(a) Circular arc deflector. 
(b) Single hinge deflector. 
(c) Double hinge deflector. 
Figure 5. - Model configurations. 
12.7 cm (5 in. ) \ 
(a) Sidewalls. 
(b) Tip extension. 
(c) Ramps. 
Figure 6. - Configuration modifications. (Shown for 
circular arc deflector configuration. ) 
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Figure 7. - Baseline performance with -8' 
ramp, 4@ droop lip, 9ff flap angle. 
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Figure 8. - The effect of droop lip. Circular arc deflector, -8' 
ramp, 900 deflection. 
7 
Figure 9. - Flow visual izat ion fo r  t h e  baseline conf igurat ion shav ing  side flow. 
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(a) Nozzle t h r u s t  coefficient. 
(b) Nozzle t h r u s t  vector angle. 
Figure 10. - The effect of sidewalls o n  nozzle per- 
formance. Double-hinged deflector, -8' ramp, 
600 - 9 8  f lap angle, nozzle exi t  area ratio, 1.76. 
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Figure 11. - Flw visual izat ion w i th  double-hinged def lector (6@-90°) s h w i n g  aft f l w  on t h e  sidewalls 
at t h e  deflector tip.  
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Figure 12. - The effect of deflector f lap extension. 
Double-hinged deflector, -8' ramp, 60'- 90' f lap 
angles, l i p  removed. 
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Figure 13. - Flow visual izat ion results showing vortices 
o n  the  -8' ramp. 
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Figure 14. - The effect of ramp modification on nozzle performance characteristics. 
10 
.86 
.82 
ORIGINAL PAGE 
COLOR PHOTOGRAPH 
.78 I- I 
F u 
1.040 
NOZZLE EXIT 
.74  - AREA RATIO 
0 1.361 
.70 - 0 1.051 
.66 - 
(a) I 
.62 1 1 
DEFLECTOR FLAP 
(a) Baseline conf igurat ion,  40° droop lip. 
EXIT 
PRESSURE 
RECOVERY 
.830 
!z w- 
=Jd 
N + 92 
52% 88 (b) 
a,Zg 94 
\t 
lrnI 9 Q, ; , a  I" , + Y 5 E- 
N U  
.OlO .011 .012 .013 .014 .015 .016 
SPECIFIC CORRECTEI AIRFLOW, 
W7SPC, k g k m  -sec 
.25 .30 . 35  .40 .45 
NOZZLE ENTRANCE MACH NUMBER 
(a) Nozzle t h r u s t  vector angle, c i r cu la r  a rc  I 
deflector. DEFLECTOR FLAP 
(b) Nozzle t h r u s t  vector angle. 
F igure 15. - T h e  effect of nozzle ex i t  area o n  nozzle 
performance characterist ics. C i r cu la r  arc  de- 
flector, -8' ramp, l& f lap angle. 
(b) With sidewalls, extended deflector flap, l ip  removed. 
deflector; specific corrected airf low, 0.014 kgl sec-ft2; -8O ramp. 
F igure 16. -Tota l  pressure con tou r  maps in nozzle exit  flow. C i r c u l a r  a rc  
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Figure 17. - Performance summary. 
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